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THEORVY AND CONSTRUCTION 
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HADLEY'S QUADRANT | 
45 PEMONSTRATED: | 
| AND ALSO | | 
All the neceffary DIRECTIONS given for 
 AvjusrinG the GLASSES, 


And uſing it for taking the 
ALTITUDE of the Sun, Moon, and STARS, 
FOR FINDING THE 
LATITUDE ar SEA. 
Illuſtrated by COPPER PLATE FIGURES 
| TO WHICH IS ADDED, | | 


Correct TABLES of the SUN'S DECLINATION, 
TS 5 | 


R 


TABLE of the Vaz1arion of the SUN'S DECLINATION 
In different LON GIT UD EZ, 


A TABLE of REFRACTION, &c. e, 


LONDON: 


Printed for Gzzcoxy and Waienr, Mathematical Inſtru- I 
ment Makers, near the Audi Hoſt, Leadenball-Street, © 


The TuzoRyY and Uſe of HapLEr's 
QUADRANT demonſtrated. 


T is not to be ſuppoſed that any Perſon can underſtand the 
1 Uſe of any optical inſtrument whatſoever, who is not ac- 
quainted with the firff Principle (or rather Axiom) of Op rics, 
wiz, That in Cale of Light falling on, and reflected from 
any poliſhed Surface, or Speculum, the Angle of Incidence is ever 
equal to the Angle of Refleftion, | & | 
This Principle is demonſtrated by Writers on Orries, both 
from Reaſon and Experiment, and is eafily illuſtrated by Fi- 
gure firſt, 

Let E F be a Speculum, or plain Looſking-glaſs, on which 
a Ray of Light SD falls in the Point D: then if the Line 
P D be perpendicular to the Glaſs in the Point D; and make 
the Angle P DO equal to the Angle P DS, the Ling DO will 
be the reflected Ray; and in all Caſes the Angle of Incidence 8 DP. 
avill ever be eqval to the Angle of Reflection PD O. 

if DM be an Index fixed at Right-angles to the back Part 
of the Speculum F E in the Point D, it will then be in the 
Dire ction of the Perpendicular PD; and ſuppoſing the inci 
dent Ray S D continued from D to L, then by inclining or 
moving the Index D M towards D L, the Glaſs F E will 
have the ſame Motion on the Point or Center D, and ar 
Length arrive to the Situation A B, during which Time the 
Perpendicular P D will gradually approach to the incident 
Ray SD, and, at laſt, coincide with it, 

But as the Perpendicular PD approaches the Ray SD, the 
Angle of Incidence P D S is conſtantly decreaſing. and there» 
fore, alſo, the Angle of Reflection P D O, which is always 
equal to it. And when P D coincides with 8 P, or DM with 
. D L. then both theſe Angles vaniſh ; and the incident Ray 

is reflected back upon itſelf, or in the ſame Perpendicular Di- 
rection from D to 8. | 7 

In the Time the Perpendicular PD moves through the Arch Þ 
P 8, the reflected Ray D O moves through the Arch O8, 
which is double the Arch PS. Therefore the Motion of the 
reflected Ray OD is twice as quick as the Motion of the Per- 
8 P D, or of the Index D M, or of the Glaſs itſelf 


Again let AB (Fig 2,) repreſent the large Glaſs of Had- 
ley's Quadrant, moveable 1 the Center C of the Inſtru- 
8 | ment, 
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Eye at I in the {ame right Line with the Object itſelf, but 


{ 4 ) 
ment, by means of the Index on which it is fixed ; and let 
C ea Lg rw thereto in the Point. C; then if a Ray of 


Light, as fall upon it in the Point C, it will be ſo reflected 
as to make the Angle of Incidence HCP equal to the Angle 
of Reflection PC G; and therefore, by deſcribing on the 
Center C the Circle MG L, and making the Arch P G equel 
to P H, the Line C G will be the reflected Ray. 

For, let F be the ſmaller Glaſs in a poſition F N, parallel 
to that of the larger one A B, and ſuppoſe FQ Perpendicnlar 
thereto; then, again, the Ray of Light C Gfalling on this 
Glaſs in the Point F, will be ſo reflected, that the Angle 
CF Q will be equal to the Angle QF I, if FI be the reflected 


Ray. 
g Now becauſe the two Glaſſes AB, and F, are in a parallel 


Poſfition, therefore the Perpendiculars PC and F Q will alſe 

be parallel; therefore the right Line C F which croſſes them 

in C and F will make the alternate Angles PC F and C FQ. 
equal; and conſequently, the Angle H C P will be equal to 

the Angle QF I, which proves hat the Ray F I, after two Re- 

Aectious, is parallel to the incident Ray H C. 

Hence it follows, that in all pofitions of the Quadrant 

(while the Glaſſes remain parallel to each other) the Eye at J 

will view any very diſtant Object in the ſame Place by the re- 

flected Ray F I, as ir would do by the incident Ray at O, if 

the Glaſs A B were removed. Hence the Reafon of adjufting . 
the Quadrant by a nt Object, either the Horizon itſelf, or 

any other remote Object, fince in ſuch a Caſe, the Object 

ſeen by the direct Ray HC, and the Image ſhewn by the re- 


flected Ray FI do coincide, or appear in one and the ſame 


Place. 

But this will not be the Caſe when the Object is ſo near, 
that the Line or Piſtance C 8 fubtends at the Object a ſenſible 
Angle, becauſe then the Incident and reſfected Rays HC and 
F I interſect each other; and therefore the object and Image, 
in the Glaſs at F, will appear in two different Places. 

Ik the pofition of the ſmall Glaſs (Fig z.) F be Perpendi- 
ſat of the large Glaſs A B, or T F N perpendicular 
to ABD, and the Line QF perpendicular to the faid Glaſs 
in F; then the Angle HC is equal to the Angle PC F, as 
before; and alſo the Angle CFQ is equal to the Angle 
QF i ; therefore the Angle CFN is equal to the Angle 
IFT; but T Nis parallet to PC; therefore the Angle 
CF N is equal to the Angle F C P, and alſo to the Angle 
PCH; conſequently the Angle T F I is equa. Ito the Angle 

CH. But T F is parallel to PC, therefore the reflected 
Ray 1 F is parallel to the incident Ray HC. Wrerefore the 
Image of an Object, at a great Diſtance, is ſeen at R, by an 
in 
an 


1 
un oppoſite Part of the Hemiſphere; which gives the Reaſon, 
aby the Second, or lowermoſt of the ſmall Glaſſes is placed in that 
Poſition on the Side of the Quadrant for the Back- obſervation, 

If while the Glaſs F retains its Poſition (as in Fig 2.) the 
large Glaſs A B be moved on the Index from its parallel Pofi- 
tion in AD to any other as AX (Fig. 3.) then while the 
Index C X deſcribes the Angle D C X, the Perpendicular 
P C will deſcribe the equal Angle P C p. In this Situation 
of the Glaſſes, let M C be the incident Ray, and FI the 
laſt reflected One, produce MC till it interſects the reflected 
Ray in I; then will the Angle MIF be equal to twice the 
Angle D C X. 

For in this Caſe the Angle by the firſt Reflection is increaſed 
from G CH to GCM, by the exceſs HC M; but the Half 
the Angle GCM is G Cp, and its Exceſs above G CP (the 
Half oft G C H) is the Angle P Cp; therefore the whole Ex- 
ceſs HC M of the whole Angle GCM above GC H muſt 
be equal to twice the Angle P Sf. or twice the Angle D C X; 
but ſince H O is parallel to F 1, the Angle MC H is equal 
to the Angle MI. F; conſequently the Angie MI F, is equal to 
double the Angle D CX; therefore the Angle MC H (equal to 
MI F) is al/o double the Angle D C X. 

Or thus; ſinee the Glaſs F is immoveable, and alſo the 
Point C, which is the Center of the moveable Glaſs A B; it 
is eaſy to underſtand that the Rays C F and FI will each of 
t hem be fixed; and therefore the Ray C F may be conſidered 
as falling on the Glaſs A B in the Point C, ard thereby re- 
flected in the direction C M; but C M, confidered as the re- 
tlected Ray, has twice the Motion of the reflecting Glaſs A B, 
or its Index A X; t aat is, while the Index moves from D to 
X, the Ray is reflected from-H to M, and the Arch H M is 
double the Arch DX, as we ſhewed in the Beginning was 
always the Caſe in a nogee Reflection. 14 the 

It now appears by Demonſtcation, that by moving the 
Index over any Number of Degrees on the Limb of the Qua- 
drant, you meaſure an Arch in the Heavens juſt equal to 
twice that Number of Degrees. And therefore the Ofant, 
or eighth Part of a Circle, is, by this Conſtruction, rendered 
equivalent to a Quadrant or fourth Part of a Circle for mea- 
ſuring Angles, . GT 
But the greateſt Advantage of this Inſtrument, and 
which it excels all others for Sea-uſe, conſiſts in this, that the 
Image of an Object, by the ſecond Reſte ion, is quieſcent, or at Reſt 

avhile the Quadrant is in Motion; I mean that Motion which is 
made in a vertical Plane paſſing through the Object. For 
let the Inftrument have what Poſition it will in that Plane, 
the Angle M LF is not thereby affected or altered, and conſe- 
quently the Poſition of the laſt reflected Ray is the ſame, and 


therefore 
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6 | 
therefore the apparent Place, or Image of the Object, muſt 
5 neceſſarily be invariable, or at reſt. 
| | To demonſtrate this in the eaſieſt Caſe, we need only con- 
|| -fider, that as the Quadrant moves on the Point C, or Axis 
of the Glaſs A B (Fig. 2.) the Perpendicular PC will be 
carried to, or from the fixed Line H O, and thereby the Angle 
PCH becomes diminiſhed or encreaſed; but the AnglePCF 
will ever be equal to PCH; and becauſe the Perpendicular 
QF is always (in this Caſe) parallel to PC, therefore the 
Angle CFQ is equal toPCF; and confſequentyCFLI is 
always equal to FCH; therefore the reflected Ray FI is 
parallel to H C conſtantly, and will of Courſe fhew the Object 
ever in the /ame Place, or at Reſt, The Reaſoning is the ſame 
for Fig. 2, and 3, or any other Poſition of the Glaſſes, pro- 
vided they are parallel to each other when the Index is at the 
Beginning of the Degrees on the Limb of the Qradrant, 

If the Quadrant liberates ſideways, or has a Motion con- 
trary to the former, there will, indeed, be a Motion of the 
Image produced, becauſe, fince the Image is always formed 
in the Plane of Reflection, which paſſes through the Object 
and the Fye of the Spectator ; it is evident, if that Plane be 
changed, the Place of the Image muſt change with it, and a 
Motion of the Image will be the effect of fuch a Motion of 
the Inſtrument. But then this Motion is ſo far from being 
detrimental, that on the contrary, it is of very great Uſe in 
many Caſes, which the Mariner very well knows, 

Theſe are all the eſſential Particulars which conſtitute the 

Nature and Teeory of this capital Inftrument ; the Form of 
which as it is fitted for Uſe, with a Nonizs, is that in Fig. c. 

The Quadrant thus finifhed being applied in the uſual 
Manner to take Altitudes by reducing all celeſtial Objects to 
the Level or Edge of the Sea, which-1 call the Marine Horizon, 
in Contradiſtinction to the true or natural Horizon. 

To explain this Matter (Fig. 6.) let ABD be a Part of 
the Surface of the Sea; C, the Center of the Earth; AC, 
its Semidiameter equal to 43946552 Engli/b Feet. Then if 
A H be any Height to which the Eye is elevated above the 
Surface of the Sea at A, and through the Point H you draw 
H O perpendicular to HC, that Line H © will be the zxe 
Horizon: and if from the Point H you draw H E to touch 
the Surface of the Sea in ſome Point B; then is the Line HE 
the Marine Horizon, or that which appears to the Eye. Laſtly, 
the Angle contained between the two, viz. the Angle O H E. 
is called the Dip of the Marine, or viſible Horizon. 
Hence, when the Altitude of the San or Star at 8 is taken 
\ by the Quadrant, the Angle meafured on the Limb is SHE, 
greater than the true Altitude SH O, by the faid "I - 
* | 1 N 6 Ang 
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Angle OHE, which therefore muſt be ſubducted from the 
meaſured Altitude in the fore Obſervation 

The Quantity of the Dip, or Angle OHE is computed 
from the Triangle B C H, right angled at B, in which the 
Side B C is known, and alfo the Side C H when the Height 
of the Eye A H is given. | 

Beſides this, there is another Correction of the apparent 
Altitude of Objects meaſured by the Quadrant; for by Rea- 
ſon of the Refraction of Light through the Atmoſphere, or 
Body of Air, the Places of all Bodies are raiſed higher above 
the Horizon than what they really are; ſo that ſuppoſe 8 
the true Place of the Sun or Star, its apparant Place will be 
at I by this Refraction of the Air. And it is the Angle or 
Arch G E which is meaſured by the Inſtrument, and not the 
Arch F E, which is the real Altitude above the Sea; and 
therefore ſrom the meaſured Arch G E we ſubtract on one 
Hand the Dip of the Marine Horizon O E; and on the 
other, the Arch FG, the Quantity of Refraction; and then 
we get the Remainder F O for the true Altitude required, of 
the Object at 8. - f a 1 

If we have Regard to the Zenith Diſtance Z F of the Ob- 
ject 8, it is plain, that is made leſs by Refraftion, being only 
Z G; therefore the Arch F G is to be added to the appa- - 
rent or meaſured Zenith Diſtance to have the true Zenith 
Diſtance Z F, of the Sun or Star at 8. 

The more obliquely the Rays fall on the Atmoſphere, the 
greater will be the Refraction, and conſequently the horizon». 
tal Refraction will be greateſt of all, and at the Zenith, where 
the Rays are perpendicular there will be no Refraction at alt. 
The Altitude obſerved, muſt therefore be corrected by a Table 
of Refraction, you will find in the Book, 


Deſcription and Uſe of the OCT ANT, 
when complete as Fig. 5. 


HIS inſtrument is made from 4 to 18 inches radius: 
The parts of which are, 


The Index D. 
The Index-Glaſs J. 
The Horizon-Glaſſes B. F. 
The Screens H, H. 0 


The fight vanes EE, and the graduated arch AC, which 
contains only the eighth part of the circumference of a circle, 
or 45 degrees, divided into 2 divifions, which by 
the laws of Catoptrics, anſwer to degrees, (as before obſcrved) 
and are numbered o, 10, 20, &c. to 90. Each degree is divided 

: 7 | into 
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into 3 parts of 20 minutgs each, which, by the help af the 
Nonius, or Vernier" s ſcale, are ſubdivided i into minutes of 2 
 _ &degree, 

1 The INDEX D. 

Is a flat rod or bar, moveable on the centre of the inſl ru 
ment, and that part of the index, which ſlides over the gra- 
duated arch AC, is open in the middle to ſee the diviſions 
cut by the Nonius; ; by the help of which an angle or altitude 
may be meaſured to a minute, On the bottom of the index, 
againſt 'the back of the arch, there Is a ſcrew to keep the 
mdex faſt when required, 


I The INDEX-GLASS I 


Is a piece of glaſs, truly ground, filyered on the back, and 
Pet in a braſs frame. The uſe of this glaſs is to receive the 

rays coming from an object, and to refer them to the horizon- 
glaſſes. Behind this glaſs are ſcrews to ſet it perpendicular tg 
the plane of the inftrument. 


ih The HORIZON-GLASSES BF, 


| 
i Are ſmaller pieces of ground glaſs, one part of which is 
)' filvered (the other part left tranſparent to view an object direct) 
et in frames, and placed on the limb at B and F, to reeeive, 
tte rays of an object reflected "Bob the index-glaſs, and to 
reflect it again to the eye, looking through the holes iq the 

fight vanes.. Both theſe glaffes ET mounted on adjuſting plates 

ith ſcrews, by which tha glaſſes may be adjuſted when heceſ- 
ll Gly. F is Ned for a fore-olieivaſion, and B for the daftop. 
fſervation. 
Are pieces of . glaſs, ground 5 ſet in frames; 
. their uſe is to take off the glare of the ſun 8 rays, when e tos 
ftrong for the eye. 

Nhe SIGHT VAN ES E, E. | 

| Are two pieces of braſs ſtanding perpendicular to the plane 
|| of the inſtrument; the vane for the fore-obſervation has two 
!; Small holes in it: 'the inner one for more readily vie ing the 
reflected image of ſtars, or faint objects, on the'xdge of the 
ſilvered part of the horizon- aſs ; the other for viewing the 
image of the ſun, when brigh f, from the poliſhed ſurface of 
the unſilvered part. 

The Nonius, or Vernier, is a ſmall. piece of lloping, or 
feather-edged ivory, braſs or box-wood, graduated and faſt, 
ened to the bottom of the opening of The index; bat often 


i the lower part of the opening is graduated; for the Nenius, 
aich is numbered thus, 10-<15-—0—5—£03 pr49M8. 
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The areb, as before obſerved, is divided into go degrees, 
'dumbered 10, 20, zo, &c. and each degree into 3 parts, each 
20 minutes, and is to be read thus: 1d. — 1d. 20m. — id. 40m. 
2d.— ad. 20m. — d. 40m. zd. &c. obſerving to read tothe di- 
viſion that the o, or diamond- like point, of the Nonĩus laſt paſſed 
over; then the Nonius will give the number of minutes 
more, to be added to the divifion laſt paſſed by the Nonius. 
Thus, ſuppoſe the o, or A of the Nonius has paſſed over 12 
degrees and two parts, or fad. 40m. and ſtands ſomewhere 
between 12d. 40m. and 13d. then obſerve what diviſion or line 
on the Nonius cojncides with any diviſion or line on the arch, 
that number on the Nonius will be the minutes to be added to 
12d, 4om; Suppoſe 15 on the Nonius touches fome divifion 
on the arch, then 15m, muſt be added to 12d. 40m. and the 
angle or altitude meaſured will be 12d. 55m. 
N. B. No two lines on the Nonius, except-the two tens, 
can exactly coincide with the lines on the graduated arch, if 
the inſtrument be well divided. * 

This inſtrument, though it come perfectly adjuſted from the 
maker's hands, which is not always the caſe, is liable to be 
put out of order by many accidents, ſuch as lying in the ſun; 
and the ſpray of the ſea cauſing it to warp, or expanding and 

_conrtaQting the frame; ſometimes a fall, &c. It is therefore 
neceflary, that the mariner ſhould be able to verify and 
readuf the ſeveral parts of his inſtrument at ſea, 

PFirſt, the index-glaſs muſt be perpendicular to the * of 
the quadrant, Which, if not, will be eafily diſcovered by the 
following method: Hold the plane of the quadrant in an hori- 
zontal poſition, with the index-glafs near the eye; look right 
down the quadrant, in ſuch a manner as to fee the arch of the 
quadrant direct, and at the ſame time reflected, by the index- 
glaſs, then if the reflected image, and the arch ſeen direct, 
make as it were but one plane, the glaſs is perpendicular to 
the plane of the inſtrument; on the contrary, if the arch and 
its reflected image do not appear to make one continued right 
plane, it thews the index-glaſs müſt have an inclination, and 
Ui muſt be rectified by the adjuſtiag ſcrews behind the frame 
of the index-glaſs,. It is eaſy to'diſeover which way the ineli- 
vation is, by prefſing the index-glaſs with your thumb while 
you obſerve the arch.“ | r 
Secondly, the axis of the horizon-glaſſes muſt be parallel to 
the axis. of the index-glaſs, if not, the error is eafily diſco- 
veardd: and rectiſied in the fore horizon-glaſs, when the index- 

jane is adjuſted. Thus, bring o on the Nonius r o. A 

the graduated arch, and look! directly through the fichbkt 


an 
. 444 „ A 
Arg vane 0 
1 - b 


— 
ä 


2 * This accbrate method of adjuſting the inder glaſs.ar All times at Sea, was > 
dom municated o me by Mr. John Adam Teacher of the Matbemiticks at 
Ed menten. SF &** * / C. : ' ; ; -& N 
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angle or altitude. 


| . 
vane at the moon, or any bright ſtar, ſo as to ſee the reflected 
image in the horizon-glaſs, and the object, at the ſame time, 
through the unſilvered part; then move the index backwards 
and forwards flowly, and obſerve if the image and the object 
paſt directly over each other, if they do, the axes are parallel; 


but if one paſs to the right, and the other to the left, then 


put your thumb upon the horizon-glaſs, and preſs it a little, 
king ſtill at the object, and you will unmediately fee which 


way it wants to be adjuſted, and may adjuſt it e 


by the ſcrews on the adjuſting plate. This is a nice, thoug 
very neceſſary adjuſtment, and requires care and patience, for 


a ſmall turn of the ſcrews will cauſe a conliderable variation 


in the axis, | 

1 would adviſe the mariner to have a ſmall piece of coloured 
-glaſs, ſet in braſs, to ſlide over the fight vane occaſionally, to 
guard the eye, and then this verification may be commodiouſly 
made by the ſun as well as the moon or (tar; for the ſcreens 
muſt be turned back, that the object and reflected image may 
be ſeen nearly equally diſtin& ; Or a coloured glaſs fixed in a 
trame, to turn up againſt the back of the horizon-glaſs (which 
is commonly fixed to ſectants) will have the ſame effect. 
_ - Thirdly, The index error, This adjuſtment is well known 


by thoſe who uſe this inſtrument. The common mode of per- 


forming it is thus, bring o on the Nonius exactly to o on the 


arch, then looking directly through the ſight vane at the ho- 


rizon 3 if the reflected horizon appear in the horizon-glaſs, 


 ,," higher or lower than the horizon ſeen directly through the 


unſilvered part; you then, by moving the braſs lever fixed at 
the back of the inſtrument to the horizon-glaſs, bring both 
the reflected and direct horizon to appear as but one line. 


Theſe three adjuſtments being made, the inſtrument is com- 
pletely rectified or adjuſted for any obſervation. | 


The index error may be more accurately determined thus: 
ſlide on the coloured glaſs before mentisned upon the fight 
vane, put the ſcreens back, and meaſure the'diameter of the 
ſup, that is, bring the upper limb to coincide with the lower, 


if it meaſure 32 minutes “ there is little or no index error; 


but if it meaſure leſs, add the Uifference to any angle you mea- 
ſures if more, ſubtract the difference from any angle you 
meaſure, the ſum, or difterence reſpectively, wi | be the true 


4 


Suppoſe the ſun's diameter meaſures 28 minutes, and the 


altitude taken by the inſtrument be 3zad. 10m. then add the 
error 4m. (the difference between zam. and 28m. the altitude 


— * The ſun's diameter in January is about 2 minutes and half, in Joly 
about 31 minutes and half, and in April and Ocaber 3% minures mearly. 7 
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, will be 344d; 14m. but had the diameter meaſured 36m. then 


the difference 4m. muſt have been ſubtracted, and the altitude 
would be 34d. 6m. * 34 ; N 14117 


To take an Altitude of the Sun by the fore Obſer- 
N | 


The fun is generally bright enough to be ſeen by reflection 
from the poliſhed ſurface ot the anſih 


having put one of the ſcreens down in its place to guard the 
eye. old the inſtrument vertical, and turning yourſelf 
towards the ſun, direct the ſight to that part of the horizon 
which is under the ſun; then move the index forwards till 
you: ſee the red image of the ſun come | down towards the 
horizon, If you meet with any difficulty in finding the red 
image of the ſun turn the ſcreen back, and the ſun's image 
will be ſo bright you cannot miſs it; and you may then put 


the ſcreen in its proper place again. Having brought the image 
don near to the horizon, ſwing the octant backward and 


forwards, mak ing your eye the centre of motion, moving the 
index forward at the ſame time, *rill the lower limb of the ſun 
juſt Tweeps the horizon, and you will have the apparant alti- 
tude of the ſun's lower limb upon the arch of the quadrant 
at that inſtant. But the meridian, or greateſt altitude, is 
that, from which the latitude is to be determined, which is 


exactly at noon or rz o'clock. Now, if you have adjuſted. 


your watch · by an altitude of the ſun, and have not failed con- 
ſiderably to the Eaſtward or Weſtward, you may know exactly 


when to take the meridian altitude. But ſuppoſing you have 
ſailed a degree directly Eaſt or Weſt, it will make but 4 minutes 


difference between your watch and the ſun, and much time 
may be ſaved in waicing to obſerve the greateſt altitude; be- 


ſides your inſtrument will not be ſo long expoſed to the weather 
and fun, as is too commonly the caſe, Having found the 

apparent altitude of the ſun's lower limb, the following cor» 
. IE 10ns muſt be applied : Te LY. F KL 416 1033S; W 
Firſt. The index error, if any, to be added or ſubtracted, 
as taught in the third correction of the inſtrument. 


9 


Secondly. The dip of the horizon to be ſübtracted. 
Thirdly. The ſun's ſemidiameter 16 minutes, nearly to be 


added. ö } 5 
© Theſe three corrections give the apparant altitude of the 
fan's centre, to which apply the correction for refraction, and 


you will have the true altitude of the ſun's centre very nearly, 
the. correction for the, ſun's parallex being ſo ſmall, that it 
may always be neglected. . "1 


There being no eaſy practical meths6d, at ſea, to adjuſt ho S 
Axis of the back mana) © parallel to the axis of the 8 b 
„ | 4 . glaſs; - 


8 


vered pu the horizon» - 
glaſs; therefore look through the outer hole in the fight vane, 


% 


0 | Fa | (-48” 50 ITY 
il glaſs; therefore, we ſuppote it to be as truly placed by the 
maker as he can, the following method will io far rity and 


[| + adjuſt it, as to make it ſometimes uſeful when the fore obſer- 
vation cannot be had on account of land being in the way, or 

when a yery obſcure horizon for the fore obſervation makes 

the back 6bſervation-more eligible,* eee 
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At any time when you have a clear horizon, both for the 
fore and back obſervation, take the altitude of the ſun's lower 
limb by the fore obſervation, fix the index, ſhift the ſereens 
to the back horizon+glaſs, turn immediately round, and uſe 
the back fight vane and horizon- glaſs; then, if the upper limb 
of the ſun (in the obſervation it will appear to you to be the 
lower limb) appear to ſweep the horizon, the back horizon- 
glaſs is true; if not, adjuſt it by its lever. Repeat this ſeve- 
ral times near noon when the ſun does not riſe or fall very 
faſt; thus your inſtrument will be nearly adjuſted, and ready 
for an obſervation when requiſite. {5-4 
The back obſervation is managed exactly in the ſame man- 
ner as the fore obſervation, only the back muſt be turned 
towards the tun; the ſcreens ſhifted to that horizon-glaſs, and 
the ſemidjameter of the ſun muſt be ſubtracted (if the appa- 

rent lower limb be taken) and the dip added, to ſind the ap- 
parent altitude of the ſun's centre; from which ſubtract the 
effect of refraction, and you will have the true altitude nearly. 

There is generally a ſmall piece of braſs, fixed to ſtop 
the index where o on the Nonius ſhould coincide with o on 
the arch, which is ſeldom placed exact; I would therefore 
adviſe the mariner to turn it down out of the way, and truſt 
to his own care in the correction of his inſtrument ; beſides, if 
this be away, the correction may be very accurately eſtimated 

by taking the diameter of the ſun, moon, or any object before 

and behind o on the arch; that is, firſt bring the upper 

limb of the ohject to coincide with the lower, and note the 
angle; then take it on the extra arch, as it is called, that is, 

bring the lower limb to coincide with the upper, and note the- 
angle: Half the difference of theſe two angles will be the true 
correction of the index error. eas g 
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| . Suppoſe: the moon's diameter meaſures 3.5m. on the arch, 


and -23m.. on the extra arch. the difference: is 2m. F of 
Mae arch. the, difference. js ws bal 
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3 32m; to bo ſubtracted for the error, becauſe the dia- 
meter meaſures more on the, arch, or gives the magn's dia- 
meter, tas much! but N55 n e 
angle, the error would haue been additiye.. g. 
By the improvement 1 have lately made to my Patent Octant, the back 
obſervation is adjuſted in the manner of a fore 1e, and al rendeted as eaſy in 
itz ufe ; a deſcrigtiou of which I have publilbed astn ne this RdoÞ. 
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be ap pplied to the obſerved altitude are as follow: \ 
- . Secondly. The dip to be ſubtrafted in the fore obſeryation, 


_— 


{03 7 
"Th take the Altitude of the Men. 


The moon's altitude may be taken either by the fore or 
back obſeryation, exactiy in the ſame manner as the ſun's alti- 
tude, only here you muſt bring that edge of the moon into 
contact with the horizon, which is round and well defined 
whether that be the upper or under edge. The corrections 15 


: 


Firſt. The index error, as before directed. 
but added in the back obſervation. 
Thirdly. Semidiameter, to be found in the Nautical Ephe- 
meris for every noon and midnight at Greenwich. If yery 
great accuracy is required, this ſemidiameter muſt be corrected 
for the intermediate time and for the altitude by the ſrulg in 
pa 16, of the tables belonging to the Nautical Eptiemens. 
ourthly. Refraction; to be found and applied as before 
Fifthly. Parallax. The moon's horizontal parallax for 
every noon and midnight at Greenwhich, is to be found in 
the Nautical Ephemeris. When nicety is required, this m 
be corrected for all intermediate times by the rule in pageiz 
of the Requifite Tables belonging to the Ephemeris. The 
moon's horizontal parallax. being thus obtained, the moon's || 
parallax in altitude may be found therefrom, by Page rr 
the ane aforeſaid, . to be added: 621 


FR 0 take the ale, of. q Aar by the fore ofen 


vation. 


Set the index at o, and; holding the plane of the oftant '1 
vertical, direct the fight to the ſtar, and at the ſame time look 
for the reflected image of the ſtar in the fifered part of the 
horizon ors + Move "rhe index a little, which will ſeparate 
the reflected image from the direct image; the former will be 
eaſily diſtinguiſted from the latter by its motion when you ſixſt 
move the index, and as you advance the index, at the ſame ||} 
time follow the reflected image of the ſtar with your eye, directing 
the fight lower and lower, and changing the pofition of the 4 
octant as the image of the flar deſcends, till you have brought | 
it down to the horizon: the index will iner mo the n 
altitude of che ſta. { 

The cotteQions to be lind ta the obſerved altizade o = il 
* are firſt the index error. Secondly the . Thoſe two 
give the apparent altitude, Thirdly, "the re ration, which 
gives the true altitude, The fixed ſtars have eg ſemidia- 
mater nor parallax. Ty In 
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3 
In taking the altitude of a ſtar or the moon by night, always 
get as near the water as poſſible. In eaſy weather a gratin 


may be flung oyer the ſhip's fide, and the obſerver fit upon it 


me ſurface of the water, the nearer the true horizon will be to 
the eye. 8 8 : 
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Rules for finding the Latitude from the Sux's 
ZENIT RH, DISTANCE and DECLINATION 
a Noon given. Seer 2 


HE Sun's Declination admits of two Denominations, 

1 that is, North and South. | So likewiſe: does the Sun's 
Zenith Diſtance; for the Sun comes to the Meridian either 
northward or ſouthward of the Zenith. The Latitude alſo 


premiſed, the following Rules may be eafily under ſtood. 
Rur. I. If the Zenith Diſtance and Declination are of 
different Denominations, their Sum will give the Latitude 
whoſe AAS will be the ſame as that of the Decli- 
e 5:30 6t radius giants, ar ariaerer 

RuLs II. If the Zenith Diſtance and the Declination are 
both of the ſame Denomination, their Difference will give/the 


the Zenith Diſtance and DeCGlination, if the Declination is 
greater then the Zenith. Diſtance, But if the Zenith Diſ- 
| - trance is greateſt, the Latitude will be of a contrary Denomi- 
nation. 02M >; N N be 4 4395 
The two following Rules ſerve to find the Latitude of che 
Place from the Altitude aud Deelination at Noon given. 
Kurt HI. If the Altitude and Declination are of different 
Denominations, add go Degrees to the Declination, and from 
that Sum ſubtract the Altitude; the remainder is the Latitude 
of the ſame Denomination aàs the Declin ation 
Reiz IV. If the Altitude and Deelination are of a like 
Dienomination, add the Declination to the Altitude, and ſub- 
tract that Sum from go Degrees; if. it be leſs, the remainder 
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Denomination will be the ſame as that of the Altitude an 
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to take the altitudes, Fhe ſame may be done to take the alti - 
Fude of the ſun in a hazy horizon, for the nearer the eye is to 


admits of the ſame Variation in its Denomination, - This being 


Latitude, whoſe Denomination will be the ſame with that of 
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* 


will be the Latitude of a contrary Denomination. But if it 
exceeds go Degrees; that exceſs will be the Latitude, Whoſe 
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DEGREES. 
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DEGREES or LONGITUDE. 
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The ſun's declination in the following tables being calcu- 
lated for the meridian of London, if you ſhouldtde confſiderably 
to the Eaſtward, or to the Weſtward, of London, it will cauſe 
ſome alteration ; to correct which, the above Table of variation 


of the ſun's declination to every 10 degrees of Longitude is to 
be uſed, as follows: 


Nit, Look out the declination. for the given day of the 
month, and for the day following it, and ſubtract the leſs 
from the greater, the remainder is the daily variation. | 
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Second, Obſerve whether the declination be increaſing or 1 


2 which you may know thus; if the declination for 
the day follow ing given day be biggeſt, then it is increaſing ; 
but if it be leſs, it is decreafing, _ LY 5 N 

Wird, Look for the daily variation in the firſt column af. 
the table, and fee what number ſtands right againſt it, and 


under the given degrees of longitude, which number is to be 
uſed as follows, „ | | 


* 


ie 


| > 15 \ | 
If the difference of longitade be Eaſtetly, and the declination 
increaſing, it muſt be ſubtracted from the declination found in 
the tables for the given day; but if the declination' be de- 
creaſing, it muſt be added. WS Cr SY 
If the difference-of longitude be Weſterly, and the declina- 
tion, increaſing, it muſt be added; but it the declination be 
decreaſing, it muſt be ſubtracted ; the ſum in one caſe, and 
the remainder in the other will be the ſun's declinatian ax 
noon4n the longitude required. 5 
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14 TABLE of the Sun's Declination, ar the Figgn 
Year after "LEAP Year. 


— N. N. VN. N. 9 F 2 1 
. — a — 2 4 
day: Jun [July e 08. Nor, Dec. 
d. m. N. m. i | 
F e F L 
22 16 2 
22 23 2 1 
22 2 2 
24 3 5 2 2 
22 42þ16 39 6 2 $-174r6 9A 3 
16 22] 5 57 5 e 27122 4 
16 8 15 3416 2 4 
22415 5 224 6 267 ri\ez 5 
15 31} 4 49} 6 489 18þg 
I tas ly els 
15 13} 4 20f 7 1ihy 353; 
58114 55} 4 3 7 3417 51P3-t 
14 30] 3 25 15 3/1 
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31113 59} 2.54 5 41þ8: 38]23 2 
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925119 32 
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10 3 
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{3 14 TABLE of the Sun's Declination, for the SECOND 
Year after LEA? Tear. pan] 
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2 TABLE of the Sun's 775 for the Tur 
ES Tear after: LEAP Year. op. 


ar- April] May | June Ta | | 


d. m4d. m. d. m. d. m. Id. mild; m d. m. uy | 
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4 TABLE of the Sun's Declination, far the LEAP | 


2 ears 


1784. 1788, 1792, 1796, 1800, 1804, 1808. 
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APPEND 1 X. 


The DEscRIPT1oNn of a New, Eaſy, and Ac- 
curate Method for adjuſting the Back Obſer- 
vation Glaſs of WRIGHT'S IMPROVED 
PATENT OCTANT, and the Method of 
vfing it in taking the apparent Altitude of 
the Sun at Sea, and meaſuring Angular'Diſ- 


* # ” 


tances from o to 1 80? 
TEIN Ab BET 5 0 | 
Fig. 1. 1 2 repreſentation of the Octant complete iti all 


ys 115 parts for uſe. E > 
A. The refleQiing ſurface of the index glaſs, which is made 
of the uſual length, and 5 of an inch broad. | 
Tze bottom part is covered in front by the braſs 
frame and the refleRing ſurface is 2e on the back, 
B. The fore borizon glaſs placed as uſual, _ 
O. The back horizon glaſs, now placed under the fore ſight 
vane on the firſt radius of the Oftant k |! 
C. The fight vane of the fore horizon glaſs. 3 
D. The ſight vane of the back horizon A 
E. Th three ſhades or ſcreen glaſſes in a braſs frame, in be 
proper place for a fore obſervation of the ſun, &. 
F. A hole made in the frame to receive the fereen glaſles, 
wehen an obſervation is taken with the back horizon 
.glabs in the common way, by turning your back to the 
BBR er 
B. A hole in the frame on the fartheſt radius K, to receive 
the ſcreen glaſſes when you take an obſervation of the 
| fung afdtaße by the new method, which is, by looking 
through the lower hole in the fight vane of the back ho- 
. - _ 'rizon plaſs, directly at the ſun in the line of fight DN, 
mme horizon from behind will then be reflected from the 
back of the index glaſs to the horizon glaſs, and from. 
chence to the eye. See fig. 8 
H. A braſs clamp on the upper end of the index; dati a. 
© , milled ſcrew underneath which faſtens the cound, te 


p. | 
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© {toithe'index When required. * See figs 22 
IX. The graduated archof the Octant diyided into go Yegrets. - 
L. Fhe braſs indet hich moves oyer the graduated'arch. _ 
M. The Nonius (or Vernier). graduated on the bottom of 
the index to ſubdivide the diviſions on the arch into 
ſingle minutes of a degree, . „ 
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Fig. 2. Shews the upper part of the index L on a larger 
ſcale, with part of the braſs frame that faſtens the index 
glaſs, and the three adjuſting ſcrews; D, to adjuſt its | 
axis verticle to the plane of the Octant, B the center 
on which the milled plate O moves over the index, the 
dotted line BF is the diſtancę it is required to move, 
K the adjuſting ſcrew to ſtop it in its proper place for 
adjuſting the back obſervation glaſs, G a piece of braſs 
faitened to the index oppoſite to the clamp H, to. keep 
the plate O always cloſe to the index L. 1 
Fig. 3. Repreſents the parallel poſition of the index and ho- 
rizon glaſſes after adjuſtment by the ſun, BC a ray from 
the ſun falling on the center of the index glaſs C, and 
from thence reflected to D, the center of the fore hori- 
zon glaſs, from which glaſs it is again reflected to the 
eye at E in the line DE, where the eye fees the ſun at 
A by direct viſion, and the image, by reflection in one 
the parallel lines A and B being ſo near to each other; 
that no apparent angle can be obſerved in the planes of 
the index and horizon glaſs, when adjuſted by an object 
at a diſtance, | 1 
Fig. 4. Here the index glaſs is removed 45 degrees from the 
plane of the fore horizon glaſs, and in its proper place 
for adjuſting the back horizon glaſs parallel to its 
plane, in the manner of a fore horizon glaſs; this is 
clearly ſhewn by inſpection of the figure, where all the 
lines and letters appear exactly ſimilar to thoſe in fig. 33 
the only difference is, the parallel lines AB are at 3 
- greater diſtance, for reaſons too obvious to mention. 
Fig. 5. Here the index glaſs 117 the adjuſtment of the fore 
and back horizon plaſles) is carried forward by the in- 
dex on the arch 90 degrees, and makes an angle to the | 
plane of the fore horizon glaſs of 45?, and at right 
angles to the plane of the back horizon glaſs ;. the eye 
at E now ſees the ſun in the horizon at H, reflected | 
dy the index and horizon glaſſes from the zenith at 25 | 
the image and object being go? diſtant, as ſhewn b 
the vertical and horizontal lines ZA and HA, whi 
meet in A, and form the right-angled triangle ZAR? 
The back horizon K is now reflected from the back 
ſüurface of the index olaſs C, to the horizon glaſs M. 
and again from thence to the eye at D, in à fight line 
with the fore horizon F, and 180 n e from F to K, 
the lines IK and FD being parallel; now to make an 
exact contact of the fore and back horizon at F, the in- 
dex muſt be advanced beyond the 902 on the arch, bx 
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| © reaſon of the ſphetieal fig ure of thetarth, and the height 
| if the obſerver's e 586 the level of the ſea, which is 


called the dp, and is uſually allowed for by tables; but 

© "It being known to vary . very thc by by the difference of 
c.h)e refraftion, Which is di in a moiſt and dry air, 
tit alſo alters by heat and cold, and many other cauſes, 
_ © and is very different in different latitudes, it will there- 

ſore be found more correct to get it by actual meaſure- 
ment of the fore and back horſzon, By a bark obſerna- 

tion (immediately after taking the ar s altitude) and 


the arch being a ſupplement, the exceſs of go? will be 
double the Hig. 


You? o adjuſt the Oant fe a Fore Obſervation. | 
You firſt ſee that the index glaſs is in its proper place, as 
ewn by fig. 2, and there ma ade kalt ſt by the milled ſcrew at 
0 the el, of the adjuſtment i is Teh managed in every 

A the ſame as the fore obſervation of a common con- 
Pile ah Hadley; s Quadrant, which, when e, the 
glaſſes have the poſition. of fig. 3. 


To .adjuſt the Bath Obſervation. | 
_ Faſten;the. index to,902, on the arch, and there Jet it re- 
| 75 2 horizon a mult alſo remain faſt in its place; 
1 e ſcrew, - 2, and turm the plate G 5 the 
hb wie = or the end 755 the, adjuſting ſcrew K, to touch 
\'! againſt ares. e of. the Slope, M, and fee (by obſervation of 
b e ) che 5 en 1e as at fig. 3, 


H, if not, with a- ſcrew 


14 15 _ the make (fa © gol 0 the right or left, to make 
| be e ferewe*® | You then 
4 5 (ous you to the "which carries the index 


kwards from its adjuſtment with the fore 
Ay: _ * 0 l wich the "back horizon 


e juſt. the glaſs in dkghe re D 
o t t hole in vane D 
877 e 1 06-6 e ſy ante je 
the in | fem at | 
i rn ts.ficſt adjuſt- 


\ Bo and ha Ockant is 
e fore or back horizon 


3 


To G 


— — | 
. It bn ct, the rey 3 
er Wards 


ts X 
is ee "is, 1 1 at almoſt 5 nb Ie tho Watt le fear of 
aetident, 1 have been thus. particular it in my UireRions for adjuſting i it. 
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T take a Back Obſervation. | 
T0 take a back obſervation. of the ſun's altitude, you res 
move the ſcreen glaſſes to G, fig. 1, and look through the 
lower hole in the ſight vane D, in the line of direction D 
directly. up at the ſun, through the ſcreen glafs or gleſſes 
turned down to ſave the eye, and move the index forward on 
the arch exactly the ſame as for a fore obſervation, and make 
the contact with the ſun's upper limb and the back horizon, 
which you now ſee by reflection inverted, and the de 
and minutes by the Nonius on the arch is the zenith diſ- 
tance; to which” -you add the ſun's Semidiameter. Note, If - 
you meaſure from the lower limb of the ſun; the ſemidia- 
meter muſt be ſubtracted, and from either the dip is ſubtracted 
alſo, If you take the obſervation in the uſual way, by turns 
ing the back to the ſun, ſhift the ſcreen glaſſes to F, and 
follow the directions given with the common Hadley's Qua- 
drant, you will take this obſervation much eaſier and better 
by this Octant than the common ones, for here you K 
the Octant in your right hand, and move the index on the 
arch forward like wiſe. 
The obſerver will take notice, that if the 1 of the glaſſes 
ate fixed truly perpendicular to the plane of the Es. 1g 


that it is not "abfolntely neceſſary to have them adjuſted truly; 


parallel in their platies before an obſervation is taken (ſhould 
there not be time for it) but after the obſervation to find the. 
error if any, by the method now much in uſe by the beſt ob 
ſervers; called. the Index Error, and deſcribed. in the deſt 
books on the uſe of Hadley's Quadrant. 
he Octant may now be ſaid. to be univerſal; as ĩt iequally; 
applicable for meaſuring angular diſtances f 9 go® to 180% 
as it before was, from 0? to 90, and by an artificial horizon 
made from the teſlecting ſurface of quickſilver, or any other 
horizontal reflecting plane, the altitude of objects on ſhore 
can always be taken; alſo the ſun's altitude at all times of 


the year and in all latitudes, which could not be done if the 


ſun at any time exceeded 60 by the common oonſtructed | 


Sextants and Quadrants, the ſurveyor will likewiſe find it bs 
moſt uſeful and beſt adapted inftrument (F. made of a Las eh . 


radius) for his purpoſe. 
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The following Inſtruments are made and ſold by 
GREGORY, and WRIGHT, Mathematical, 

Optical, Philoſophical, and autical Inſtrument 


"lakers. near = India Houſe, Lox box: where 
er ago and Ladies may be r on the 


14 


COR tanding Air-Pandp, Ram 251. 138, to 40 0 
Apparatus to ditto, from gl. ys; to — — 12 12 0 
Davenport's Table Air- Pump; n of Apparatus, 


from fol. 108. to — — 12 12 0 

ectrical Machine in Braſs, with an Apparatus, Box, 5 

&c. from gl. 58. to — . nd 
Beſt Sort of Barometers, from 11. 166.0 Finer} 4 14 6 
Farenheit's lar 


Thermometer, — il, 9. to 2 12 6 
Pocket ditto, from 16s, to b, 
= 4853 in Ivory, 101816. 
vey ded Hearing Trumpets, "I 7 70 (o 1 116 
8 bot Refte col, all in Braſs, and' 75 tted for Cer, 44 
- leſtial Obſervations, from 471. 48, to — 63 3.9 


||| AThiroe-Foot refledting Teleſcope, thounted on I Braſs” 


Foot, without Rack-work, - en” "23 © 10 
Ditto, with Rack-Work, — — 29 00 
A'Two-Foat ditto, 202 nates | — — 132 12 
Ditto, with Rack; Work, — — ht. I 1b o 
Nit to, 18 Inches, without Rack-Work, from yl. 78. to 2 

2 Inches, from 41. 148. 6d. to 


Ditto, 1 
Refr 58 ing Teleſcopes of various Lengths and Prices,” 
with four, five, or fix Glaſleg |, — | 
8 Pillared Braſs Microſcope on a ee“; An 0 F 
h's Microſcope, and Apparatus, from Il. 48. to 2 12 6 
Dizg onal Machines fog, viewing Prints, Mahogavy. - - * 
rand, from 188. to — 203 
A A large rtable Mahogany Camera Obſcuraim proved 115 
Magie 4. nthorn, excluſive of Objects, from il 28, to 1 21 
Theodolites; from'gl, 4, to” ——— — * 4 - 
Plain Table, — — Fun — 1325 
Radek for eee ee thr WS ©:6d. to 34 


ators, 
Diets 0 


6 ns Con dim cigh double Wheels, ©. 10 10 : 


F bet 


"4 > 


— — —— ͤ ͤ ² w¾E⁵ 22 


0 15 ) 
Ganter Chain, from 6s. 6d. to — 


© 12 6 
Hadley's Quadrant on the er r or 4 
Daviſe's Ditto, from 145. tO' | moons N 
Caſes of Inſtruments for Drawing, with Sectors * and 


Scales, in Wood, Braſs, wy or Silver, from 
proportional Campaſles, from fl. 85. $6, t to — Z 
Horizontal Dials, from 108, 64. 0 
Rane Dil Co from 38 to a — 

—— 
— — 


rom 78. d. 348 * — 
— bm rae uh 6d, to nn 
Parallel Rules, Gau g Rules; Gunter's Scales, 10 
all other Se i at the uſual Prices. 
N ed by the late B. Max rrr and 
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WrIiGHT., 
Anew Manusb4 and Orveries with Wheel Worte 
the ſame —— as Martin's, 11 57 | 
G. Wright, from zl. 58. to 160 O0 
new Portable Air- Pump Ditto Dice dy gle 
Ditto, with —_—_ — Ditto - — — 6 16 O 
Smaller Pump Ditto — 4 4 6 
Hydroſtatie ; pro — Ditto 11. 118. 6d. 9 n 
Hydrometer for proving of Spirits, in a Mahogany 5 
Box and. Glaſi far,. — — ⁊— 1 7 0 
5 


By his Majeſty's Keyal Patent, Hadley's Sextants and LE : 
. Quintants,” Gi) Wright, from 61, 16s: 6d. to [3 12's 
| An Extempors: Pocket Telefcope,” i in which all the 
Tubes are dra out at onee, and preſent an almoſt 
in ſtant anoous View of the object, with an achroma - 


tie Object Glaſs, that admits a great e 


2 


Power. Price from 1. 188. t& 1 . 6 
Ditto, with Patent Ar one, from 2þ rs. * 
Gd. co ee — 8 8 0 

toved Achromatic Teleſcopes on on Braſs Stands, 
rom 18 Inches to 3 Feet, With or without Ruck 
. Work; and with ſingle or three Eye Tubes, to va EY 
the Magni g Power, E mtncde + ell. un 3 
Manner fer Terreſtriat and Aſtronomical am 
tions from All 145, 6G ?:: — fe 0 0 
Martin's new univerſal sliding Rule with double Slides, 


8 ns 


for ſolving all Qgeſtions i Arithmetie, Geometry,: | 
and Philoſophy,-with Beek of its I wont 5 0 10 6. 
| Art propoion Rule by diet] ?ꝗͤ „ 46 
_— portional Camera Odſcura — 111 6 
artin's now invented Camera Obſeuragrery ports 5 1 
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Mleroſtope; and a Single; a Wy 90 s > ibs 

op leſcope with ſeveral additional Improvements, | n 
he Ee wich every Thing nece | 4 

for the niceſt Obſeryativas with the Microſco * 3 2 6 

A portable Optical Apparatus, conſiſting of a Stopth = | 
Ball agd Socket, Solar Microſcope, Wil iſon's 

,croſcope, a, Pocket compound g . Aa 27 

Teleſcope "Im 31. 138. 6d. too 5 15 6 


Viſual Glafiezor Spe cta a nem Conſtruction; beſt 
e sin Temple! > ate from 22. 156 6! 
No ditto, from 18. to 210d 6 


Bra fil bbles. 5 ay 5 SR... 41 ey $5000 , /9- 16 LE 
Optical Recreation for Youpg: Lagies! and ente 
men, conſiſting in a variety of ſurpriſing decop ti: 
ons 8 Viſion, by an 1 
Change of hu mourouſly, fancied and con- 
traſte Y 7 Views, by.a Glaſs of a ſingular 1 
Form an A affording a delightful Huter 11 0 
dne 1 a Leiſure Hour, , ik Ile 118. od. to 2 12 
zimuth Compaſſes. from. Fl. ©; to — — — 10 10 0 
Sea Camppaliey, of all kinds, and Prices from, 88. Gd, to 2 2 @c 
Wright's new Univerſal. Dial for all Latitudes, owa ö 
” ſtand, from gl. 188, Gd, to. — —— 12 14 4 
2 debe Tal Circumferenter, Theodolite and 1 | 


10 the 119 of Captain.C ok 
| Tin al a F at ihe N 


Prices o hs 10 
gd N Ind. I 1 b 


Deſeription . of the Globes, Orrery, dc. by G. 
Maxtints New Ax r of Susvax ING by the. Gon | 
METER, with the Princi $.0f LavELLINGs & c. mY 0 i | 


Martin's Deſgription of a — with new on- - 
ſtructed lines 1 — — | - oooh bog . 0 6 
Martin's Synopſis of Celeſtial, Science ting an 4 o 
Ditto, Wonder of the S World diſprayed. „nas 

a er, tion of a new Univerſal Dial, by G. Wright [+ 93:10; 
gory's new, improved Eaſt India Pirefory, nr an 
inning eneral and particular Charts for theNavie i! +1 
| tiog of»thoſe Seas, with. Directions, by S. Dunn 6 me 
Duro th Dalrymple's Plans of Horta and Harbours, Ae 
| . in the Lear 1 1783, containing: 270 Ports Gren. We: 
1 the Printed vt, 
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